Within the second-order perturbation approximation, the physical process of cumulative second-harmonic generation by the primary Lamb wave propagation has been investigated in the time domain. Based on the preconditions that the transfer of energy from the primary Lamb wave to the double frequency Lamb wave is not zero and that the phase velocity matching condition is satisfied, we focus on analyzing the influence of mismatching of the group velocities on the generation of the second harmonic by propagation of a primary Lamb wave tone burst with a finite duration. Our analysis indicates that the time-domain envelope of the second harmonic generated is dependent on the propagation distance when both the duration of the primary Lamb wave tone burst and the group velocity mismatch are given. Furthermore, it can be concluded that the integrated amplitude of the time-domain second harmonic, which quantifies the efficiency of the second-harmonic generation, grows with the propagation distance even when the group velocity matching condition is not satisfied. The experimental examination has been performed, and it verifies our theoretical analysis.
Within the second-order perturbation approximation, the physical process of cumulative second-harmonic generation by the primary Lamb wave propagation has been investigated in the time domain. Based on the preconditions that the transfer of energy from the primary Lamb wave to the double frequency Lamb wave is not zero and that the phase velocity matching condition is satisfied, we focus on analyzing the influence of mismatching of the group velocities on the generation of the second harmonic by propagation of a primary Lamb wave tone burst with a finite duration. Our analysis indicates that the time-domain envelope of the second harmonic generated is dependent on the propagation distance when both the duration of the primary Lamb wave tone burst and the group velocity mismatch are given. Furthermore, it can be concluded that the integrated amplitude of the time-domain second harmonic, which quantifies the efficiency of the second-harmonic generation, grows with the propagation distance even when the group velocity matching condition is not satisfied. The experimental examination has been performed, and it verifies our theoretical analysis. It is known that the material nonlinearity of engineering structures is a sensitive indicator of some defects that are difficult to detect by other means.
1-4 Because Lamb waves are a very important means of nondestructive evaluation of platelike structures, 5 and the second harmonic generated by the primary Lamb wave propagation can include more accurate information about the elastic plates, [6] [7] [8] [9] [10] [11] [12] it is of significance to understand the physical process of second-harmonic generation by the primary Lamb wave propagation. However, due to the dispersion and multi-mode characteristics, the process of second-harmonic generation by the primary Lamb wave propagation is very complicated. To date, some theoretical and experimental studies of this issue have been reported. [13] [14] [15] [16] [17] [18] It is found that under certain conditions the second harmonic generated by the primary Lamb wave propagation has a strong nonlinearity, i.e., its amplitude can grow with propagation distance. Recently, some studies focus on using the effect of second-harmonic generation by the primary Lamb wave propagation to assess damage in elastic plates. [6] [7] [8] [9] [10] [11] Experimental results indicate that the second harmonic generated by the primary Lamb wave propagation offers a potential for accurately assessing the early stages of some forms of damage in platelike structures.
For the case where the primary Lamb wave is continuous (i.e., its duration in the time domain is infinite), the condition for the generation of the cumulative second harmonic requires that the phase velocity of the primary Lamb wave and the double frequency Lamb wave (DFLW) are equal, and that the transfer of energy from the primary Lamb wave to the DFLW be not zero.
14-17 However, it should be noted that Lamb wave tone bursts with finite duration are commonly used in practical applications. For observing clear second-harmonic signals, the physical process of generation of the time-domain second harmonic should be carefully considered in advance. Generally speaking, the group velocity of the primary Lamb wave tone burst (denoted by c ½f g ) is not necessarily equal to that of the DFLW tone burst to be generated (denoted by c ) is also required for the generation of a cumulative second harmonic of the primary Lamb wave tone burst with a finite duration. [9] [10] [11] [12] This additional condition is rigorous because of the dispersive nature of the Lamb wave propagation. For the case where the primary Lamb wave is continuous, the influence of the difference between c ½f P and c ½2f P on the generation of the cumulative second harmonic has been investigated. 16 What will happen if the additional condition c
is not satisfied when c ½f P is equal to c ½2f P ? Up to now, little work has been done on this subject, even though it is of significance for practical measurements to investigate the influence of group velocity mismatching (namely c ½f g 6 ¼c ½2f g ) on the generation of the time-domain second harmonic. The present paper reports a theoretical analysis and an experimental examination of this issue.
II. SECOND-HARMONIC GENERATION
Without loss of generality, only the case will be investigated where a primary Lamb wave propagates in a 
